The site of the investigation was a hydroelectric power plant, operated in Manitoba, Canada. The plant first opened in 1911. For some decades, workers in this plant reported exposures to large numbers of caddis flies throughout the summer season. The species of fly identified was Hydropsyche recurvata. The many flies present in the work environment was due to a combination of factors. Firstly, the physical structure provided a permanent habitat, secondly, the high water flow provided an excellent source of nutrition, and finally, the adult flies were attracted by the lights at the station (Flannagan J, personal communication).
with work related symptoms. 17 workers (61%) were skin prick positive to a laboratory prepared caddis fly antigen (LCFA) made from the remains of caddis flies present in the plant and 11 (39%) had positive reactions to a commercial caddis fly antigen (CCFA). Workers stationed in heavily exposed areas were 3*7 times as likely to have a positive response to the LCFA (p = 0.009) and 5 3 times as likely to have a positive response to the CCFA (p = 0.036). 13 (46%) of survey respondents reported three or more work related symptoms. 10 (91%) CCFA positive workers reported three or more work related symptoms. Pulmonary function studies revealed slight, but not significantly decreased forced vital capacity (FVC), forced expiratory volume in one second (FEV,) , and FEVj/FVC ratios in workers who were skin test positive to either caddis fly preparation when compared with those who were negative. One worker who was skin test positive to both antigens had a cross shift fall in FEV, of 20% predicted. Occupational allergy to caddis flies proved to be a significant health problem at this work site. Sensitisation to caddis flies is common in Japan where 53-6% (30/56) of asthmatic patients compared with 8&7% (2/23) of nonasthmatic patients had positive intracutaneous skin tests against the caddis fly wing.2 The extent of symptoms caused by this sensitisation was not reported. Exposure to caddis flies may lead to symptoms in occupational groups. Kagen et aP reported that 40% of an exposed workforce had allergic rhinitis or symptoms of asthma aggravated by exposure to caddis flies. We report the investigation of a workforce heavily exposed to caddis flies.
The site of the investigation was a hydroelectric power plant, operated in Manitoba, Canada. The plant first opened in 1911. For some decades, workers in this plant reported exposures to large numbers of caddis flies throughout the summer season. The species of fly identified was Hydropsyche recurvata. The many flies present in the work environment was due to a combination of factors. Firstly, the physical structure provided a permanent habitat, secondly, the high water flow provided an excellent source of nutrition, and finally, the adult flies were attracted by the lights at the station (Flannagan J, personal communication).
Workers at the plant commonly reported symptoms including watery eyes, runny nose, sinus congestion, cough, wheeze, and shortness of breath after exposure to caddis flies. Exposure occurred during the summer when the flies hatched as well as during the winter when dry, dead caddis flies are present in the pumping station. Caddis flies were taken into and pulverised by the turbines and dispersed into the air of the plant. To further evaluate these complaints, the Canadian Union of Public Employees, representatives of the workers at the plant, and the management of the plant requested that the Manitoba Federation of Labour Occupational Health Centre conduct an investigation into this problem. On 12 and 13 August 1991, a survey of the workforce at the pumping station took place. A summer date was chosen as this is part of the caddis fly hatching season.
The plant was a large building, 65 x 518 x 46 feet. Electricity is generated by 18 turbines. Workers generally worked in one of four areas, the office, the control room, other areas of the power plant, and outside the plant. Caddis flies entered the plant when the water moved over the turbines. Exposure was thought to be greatest in the control room, which was not specifically sealed off from the plant and in the remaining areas of the plant outside of the office. Numerous dead caddis flies were noted in light fixtures in the control room. In certain areas of the plant remains of dead caddis flies were a few inches deep. Lower exposures were reported in the office and outdoors.
Materials and methods

SUBJECTS
All workers at the plant were invited to participate in the survey. Those who agreed were informed of the study protocol and provided The common inhalants were tested as mixed tree pollens, mixed grasses, mixed weeds, and mixed moulds to minimise the number of skin pricks applied. In total, 11 separate skin tests were applied with standard techniques, with a histamine positive control. A positive response was one in which the skin test produced a wheal with flare that was 3 mm or more greater than that of the saline control.
Ten workers who did not live in the community were skin tested with the LCFA preparation. Nine West Grove, PA, USA), and substrate. The reaction was stopped by addition of 0-1 ml 1 N NaOH. Optical absorbance at 410 nm was read with a microplate reader. Values for caddis fly antibodies in unknown samples were calculated by interpolation from the dilution curve of the reference serum. A positive result was defined as > 21 U/ml, as this was the geometric mean +2 SD of 10 non-exposed people who did not work at the plant. As a worker's likelihood of coming into contact with caddis flies depended on the work location, subjects were divided into two groups based on their chance of exposure. Work location 1 refers to workers who worked in the control room or in other areas of the powerhouse excluding the office, the high exposed areas. Work location 2 refers to those that worked in the office and outside the powerhouse, and serves as a relatively unexposed control group. Also, as most members of the workforce lived in the community and community exposure could potentially lead to caddis fly sensitisation, their use as a control group identifies whether the sensitisation was occupationally or non-occupationally acquired. Although the use of a totally unexposed control group was considered, for reasons of time and expense it could not be pursued. The two members of the community who participated in the survey were not included in analyses of pulmonary function data and work related symptoms, but were included in analysis of general symptoms and skin prick responses. Table 1 summarises the demographic and employment information on the 28 workers. Workers in the work location 1 were more likely to be male.
Those who worked in work location 1 were more likely to complain of eye and nose symptoms, and breathlessness, than those working in work location 2 (table 2). None of these differences, however, were significant. When analysis was limited to work related symptoms, workers in work location 1 were more likely to complain of all the symptoms. Significant results were found for work related eye and nose symptoms and cough. For all symptoms the risk ratios were higher when the analysis was limited to work related symptoms compared with the presence of the symptom itself. The mean number of work related symptoms reported by workers in work location 1 was 3-5 whereas those in work location 2 reported 1-2 symptoms (p = 0.01).
A clinical diagnosis of a work related illness was defined by the presence of three or more work related symptoms. Twelve of the 18 workers in work location 1 fulfilled this definition compared with one of the 10 work location 2 workers (p = 0-006).
Three workers reported being diagnosed with asthma after beginning work at the plant. In two cases, asthma was diagnosed in the first year of employment and in one case after four years of work. Seven workers reported that their physician had diagnosed allergy to caddis flies.
IMMUNOLOGICAL EVALUATION
Twenty eight workers had skin tests to the battery of allergens. Two workers were not tested as they had recently taken an antihistamine medication that would influence interpretation of the results.
Eleven workers tested positive to both the CCFA and the LCFA. A further six tested positive only to the LCFA. No one tested negative to the LCFA and positive to the CCFA (p < 0-001).
The average duration of employment at the plant for workers who had a positive reaction to the CCFA was 12-7 years. Those who were LCFA positive and CCFA negative averaged 2-0 years at the plant. The fact that no worker was CCFA positive and LCFA negative suggests a shorter sensitisation period for the LCFA. Those who were negative to both extracts worked on average 4-5 years at the plant. Most of these workers usually worked in areas where exposure to caddis flies was lower.
Fifteen of the 28 subjects tested positive to at least one allergen other than the two CFAs. Eleven tested positive to at least two other allergens. A positive skin reaction to the LCFA was associated with being atopic as defined by skin test positivity to at least one allergen mixture, excluding the CCFA (p < 0-008). If the definition of atopy was made more restrictive by the requirement of at least two positive skin tests, a positive association was still found (p < 0-0 16).
When CCFA was used in the analysis and one other skin test positivity was used as the definition of atopy (excluding the LCFA), a significant association was still found (p = 0-043). If positive reactions to two antigen mixtures was used, the association bordered on significance (p = 0-055). Table 3 compares the symptom and work related symptom frequency for study participants according to sensitivity to caddis fly antigen. All associations between symptoms and a positive reaction to the caddis fly antigens were higher for work related symptoms than for symptoms in general. Significant associations were found for five of the six symptoms studied and caddis fly antigen positivity. A history of asthma was also associated with CCFA positivity. Analysis according to sensitivity to LCFA was similar to that of sensitivity to CCFA and is not presented. Ten of the 11 workers who were CCFA positive reported three or more work related symptoms, fulfilling the definition of a work related illness. Those who were CCFA positive were more likely to have a work related illness than CCFA and LCFA negative workers (p = 0 0003). Although a larger percentage who were LCFA positive and CCFA negative reported certain work related symptoms compared with those who were negative to both caddis fly antigens, the differences were not significant.
Twenty nine persons had blood taken for an IgE-ELISA against caddis flies. Table 4 Analysis was performed to see whether work location was associated with immunological test results. Workers were 3T7 times as likely to have a positive response to the LCFA if they worked in work location 1 than if they did not (p = 0 009). Workers were 5-3 times as likely to have a positive response to the CCFA if they worked in location 1 (p = 0-036). The association between the IgE ELISA response and work location, although positive, was not significant.
In total, 13 (46%) workers met the definition of a work related illness. Table 5 shows the sensitivity and specificity of the various immunological tests in detecting these people. The CCFA had the highest positive predictive value of the three tests.
PULMONARY FUNCTION TESTS
All pulmonary function test results were standardised to % predicted values to control for variation in height, age, and sex. Table 6 compares the workers' results according to sensitivity to CCFA. Results were similar when analysis was performed with LCFA. Although no significant differences were found between the two groups, those who tested positive to the CCFA had consistently lower overall results than those who tested negative. Controlling for the effects of cigarette smoking did not alter these results.
Postshift pulmonary function testing was performed on 20 people. Interpretation of the postshift tests is limited because the testing was performed during the hottest days of the summer when temperatures in the powerhouse were reported to exceed 420C. Thus it is certain that some workers were not doing their usual work during the test period. One worker (CCFA positive) had a 20% cross shift fall in FEV1. Overall, there was a significant decrease in FVC of 3-4% predicted. The MMEF than classification by work location. These findings are consistent with the hypothesis that occupational exposure to caddis flies in sensitised subjects could lead to reversible changes in airway function. The lack of statistical significance may be due to the small size of the study.
One worker met our field definition of occupational asthma. Had we been able to use serial peak flow measurements or specific bronchial challenges it is possible that we would have identified more cases of occupational asthma induced by caddis flies.
The major limitation of this study is the small number of participants. Therefore, in some circumstances, trends were found that did not attain significance. If the size of the effects found in the sample are accurate, however, the results would be of clinical significance.
A second limitation is that only 49% of the workforce participated in the survey. The reason for non-participation is not known for most of the workers. During the survey some non-participants stated that they did not want to participate as they had no symptoms. Alternatively, some non-participants may have been concerned that identification of allergy to caddis flies may have affected their employment, even though they were assured that all results were confidential. One nonparticipant likely did have occupational caddis fly allergy. He was examined before the survey by one of us (AK), reported a new onset of asthma since beginning work at the facility, had significant work related symptoms, and was CCFA positive. Even if it is assumed that all of the non-participants were not sensitised, a sizable proportion of the workforce (19%) would still be CCFA positive.
A third potential limitation is that those who worked in work location 2 were predominately management and secretarial staff, which would make them different from the predominantly male workforce in work location 1. Although these differences could affect the results in some types of investigations, skin prick testing is not influenced by socioeconomic or sex differences. Further, analysis of the pulmonary function data was standardised to % predicted to control for age, height, and sex.
A further limitation in cross sectional studies such as this, is that the study population involved an active workforce. Former employees or those off sick did not participate. For this reason those who developed severe allergic symptoms after exposure to caddis flies and left employment could not be evaluated. This selection bias tends to minimise the prevalence of problems after exposure to caddis flies as some of the most sensitive workers are not evaluated.
Conclusions
Workers employed in areas thought to be more heavily exposed to caddis flies had more work related symptoms consistent with allergy to caddis flies and were more likely to have evidence of skin test reactivity to caddis fly antigens. The skin response to the CCFA was, of the three immunological tests used, the best predictor of workers having three or more work related symptoms. Occupational exposure to caddis flies proved to be a significant health problem at this worksite.
